INTRODUCTION
Sleep problems are one of the most common concerns of parents, occurring in approximately 20-30% of young children, 1, 2 and one of the most common behavioral issues brought to the attention of pediatricians. 3, 4 Not only do sleep issues tend to persist, [5] [6] [7] but there is increasing evidence of the negative consequences of inadequate sleep quality and quantity in children, including cognitive and behavioral deficits that affect daytime functioning, 8 as well as psychiatric and health outcomes, such as obesity and metabolic consequences. 9, 10 A bedtime routine is commonly recommended as part of healthy sleep habits, with more than 90% of pediatricians recommending it for their patients with sleep difficulties. 3 However, there is limited research on the importance of a bedtime routine and its effect on outcomes.
Prior research has found that daily routines in general lead to predictable and less stressful environments for young children and are related to greater parenting sense of competence and improved daytime behaviors. 11 A bedtime routine is one such daily family routine and consists of parents engaging their child in the same activities in the same order on a nightly basis prior to lights out. It is expected that a bedtime routine, similar to other daily routines, will improve behavior and result in better sleep. A few broader studies on sleep in young children have noted that bedtime routines are associated with less sleep disruption and longer total sleep time. 2, 12, 13 In addition, a study of language-based bedtime routines at age 3 y, that is, one that includes reading, singing, or other verbal communication, was associated with increased nighttime sleep duration and cognitive development at age 5 y.
14 This study, however, did not assess the effect of any bedtime routine on future outcomes. Furthermore, one study found that institution of a bedtime routine for infants and toddlers was efficacious in improving sleep disturbances. 15 Overall, though, no studies have looked specifically at whether there is a dose-dependent relationship between bedtime routines and sleep outcomes.
Thus, the primary objectives of the current study were to (1) examine the associations of a consistent bedtime routine with sleep outcomes in young children (ages birth through 5 y) in a large global sample, and further to (2) assess whether there is a dose-dependent relationship between the frequency of a bedtime routine both concurrently and retrospectively with sleep outcomes.
METHODS

Participants
A sample of 10,085 mothers of children ages 0 through 5. UK, and 1,335 United States/US) participated in this study. In the sample, there were 7,499 children ages 0-35 mo (infants/ toddlers) and 2,586 children 36-59 mo (preschoolers). Demographic data for the entire sample are provided in Table 1 .
Procedure
All participants completed the Brief Infant/Child Sleep Questionnaire (BISQ/BCSQ). The BISQ has been validated against actigraphy and daily logs and its sensitivity in documenting expected developmental changes in infant sleep and the effects of environmental factors has been established. 16 The BISQ has been used in previous cross-cultural studies. 17 The BCSQ is based on the BISQ, and includes additional ageappropriate questions. 18 Both questionnaires include specific questions about daytime and nighttime sleep patterns, as well as sleep related behaviors. The mothers were asked to describe their child's behavior during the previous 2 w. Specific to the aim of this paper, all were asked "In a typical week, how often does your child have a regular bedtime routine?" with answer choices including "never," "1-2 nights/w," "3-4 nights/w, "5-6 nights/w," and "every night." Additionally, all parents were asked "Do you consider your child's sleep as a problem?" Mothers of preschoolers were also asked "When your child was a baby (3 to 12 mo old), did he/she have a regular bedtime routine?" with answer choices of "yes," "no," and "don't remember," as well as one question regarding their child's daytime behavior ("Does your child have (or is suspected to have) problems of hyperactivity, attention deficit, or difficult behaviors, i.e. either you, a caregiver, teacher or medical professional has suggested or suspected that your child may have a behavior problem?"). Both the BISQ and BCSQ have been validated against sleep diaries and actigraphy. 16, 19, 20 The questionnaire was translated into each language and backtranslated to check for accuracy. All data were collected online. In almost all countries/regions, the questionnaire was set as a pop-up screen at a popular parenting website (BabyCenter) and invited mothers to complete a sleep survey. In two countries (Japan and Korea), recruitment was conducted via email using mailing lists obtained from local marketing firms and online advertising at other parenting sites. Completion of the questionnaire was voluntary and there were no exclusionary criteria. This study was approved by a universitybased Institutional Review Board and all participants provided informed consent. No identifying information was collected. A few areas offered incentives for completion (e.g., free samples or gift voucher), and participants were asked to provide their email address at the end of the survey if they were interested. The complete sample was collected between February 2011 and March 2012. A complete description of the methodology can be found in previous reports. 18, 21 In addition to the BISQ/BCSQ, demographic information was collected, including maternal age, maternal education, and employment status. For quality control, responses were limited to avoid inappropriate or extreme data (e.g., sleep onset before bedtime, total nighttime sleep < 5 h or > 14 h).
Statistical Analyses
Means and frequencies were used for demographic information. Analysis of covariance (ANCOVA), covarying for child age and maternal education, was used for all sleep variables, with effect sizes (partial eta-squared) reported for all comparisons. Maternal education was included as a covariate given demographic differences across countries/regions. Analyses were performed across frequency of bedtime routine ("never," "1-2 nights/w," "3-4 nights/w, "5-6 nights/w," and "every night") for the following continuous variables as sleep outcomes: (1) bedtime, (2) sleep onset latency, (3) duration and number of night wakings, (4) nighttime sleep, and (5) total sleep time across 24 h. Chi-square analyses were conducted for categorical variables, including parent-perceived sleep problems and daytime behavioral difficulties. Missing data were handled using pairwise deletion, as there were minimal missing data (98.5-100% of data were present across all variables) and data were missing completely at random. Because of the large cohort size and the multiple analyses, findings were considered significant if P < 0.001. All data were analyzed by the first author (JAM) using SPSS version 20 (IBM).
RESULTS
Bedtime Routine
The frequency of mothers reporting a consistent bedtime routine is presented in Table 2 , with approximately half of all families reporting a bedtime routine occurring less than every night. Furthermore, mothers of preschoolers reported that 71.9% (n = 1,859) had a regular bedtime routine as an infant, 21 .9% (n = 567) did not have a bedtime routine, and 6.1% (n = 159) did not remember. Furthermore, 82.0% of those preschoolers with a current bedtime routine also reported having a routine in infancy (0-12 mo), whereas 61.1% of preschoolers without a current routine reported having a routine in infancy, χ 2 = 112.38, P < 0.001. Similarly, of those reporting a bedtime routine during infancy, 79.7% have a current bedtime routine compared to 57.5% without a routine during infancy. Having a consistent bedtime routine, as defined by three or more times per week, was more common in predominantly Caucasian countries (82.6%; AUNZ, CA, US, UK) than in predominantly Asian countries (64.4%; CN, HK, IN, JP, KR, MY, PH, SG, TH), although it is important to note that all relationships described in the following paragraphs were found within each of these cultural groups. No differences were found in frequency of current bedtime routine by child gender, χ 2 = 2.77, P = 0.597.
Sleep Patterns
Data for sleep patterns by frequency of a current bedtime routine are presented in Table 2 and Figure 1 . Overall, in both age groups, children with a consistent bedtime routine have earlier bedtimes, shorter sleep onset latency, fewer number and duration of night wakings, more nighttime sleep, and more total sleep per 24 h, all P's < 0.001. Post hoc tests indicate that there is a linear relationship between the frequency of a bedtime routine and sleep outcomes, although "one to two times/w" had the worst outcomes for a few variables. Furthermore, the variability of the sleep outcomes decreases with increased frequency of a nightly bedtime routine.
For preschool-aged children we further examined the effect of having a current bedtime routine (defined as having a bedtime routine 3 or more nights/w) in relationship to having reported a bedtime routine as an infant on sleep outcomes (see Table 3 ). There was a similar dose-dependent relationship in that children with a current routine as well as a routine as an infant were found to have the best sleep outcomes, all P's < 0.001. That is, there was again a linear progression for all sleep outcomes (except total sleep duration) at each step from infant no/current no to infant yes/current no to infant no/ current yes, followed by the best outcomes at infant yes/current yes.
Bedtime Routines and Sleep Problems
In addition to differences in sleep patterns, there were also significant differences in parent-reported sleep problems (see Table 4 ). For infants/toddlers, parents' perception that their child has a sleep problem ranged from 23.3% for those with a bedtime routine "every night" to 47.2% for those who "never" have a bedtime routine, χ 2 = 124.12, P < 0.001, and from 14.9% ("always") to 38.5% ("never") for preschoolers, χ 2 = 251.81, P < 0.001. Sleep problems increased in a linear progression with decreases in bedtime routine frequency per week. There was a similar relationship in the perception of sleep problems for preschool-aged children in terms of parental report of whether their child currently had a bedtime routine and whether their child had a bedtime routine as an infant. Preschoolers with a current bedtime routine and a routine as an infant were equally likely to report a current sleep problem (16.0%) compared to those with a current bedtime routine and no infant routine (16.3%). However, those with no current bedtime routine were more likely to report a current sleep problem whether (33.6%) or not they had a routine for their child during infancy (36.1%), χ 2 = 96.68, P < 0.001.
Bedtime Routines and Daytime Problems
Parents of preschoolers with a current bedtime routine were less likely to report current daytime behavior problems Column means with the same letters are not significantly different (Duncan post hoc test). * P < 0.001.
(including problems of hyperactivity, attention deficit, or difficult behaviors) than those without a bedtime routine (10.1% versus 17.9%, respectively), χ 2 = 28.56, P < 0.001. A dosedependent relationship between daytime behaviors and a bedtime routine was again found (never = 22.9%, one to two times/w = 18.4%, three to four times/w = 16.3%, five to six times/w = 11.9%, and every night = 9.1%), χ 2 = 35.10, P < 0.001. Similarly, parents who reported having a bedtime routine for Column means with the same letters are not significantly different (Duncan's post hoc test). * P < 0.05. ***P < 0.001.
their child as an infant were less likely to report current behavior problems (10.1%) than those without a routine during infancy (15.7%), χ 2 = 13.70, P < 0.001. The relationship between having a routine as an infant and a current routine was again dose-dependent, with decreasing report of behavior problems with institution of a bedtime routine at an early age (infant no/current no = 19.9%, infant yes/current no = 14.6%, infant no/current yes = 12.6%, and infant yes/current yes = 8.9%), χ 2 = 30.59, P < 0.001.
DISCUSSION
The results of this study suggest that having a consistent nightly bedtime routine is associated with better sleep in young children, as manifested in earlier bedtimes, shorter sleep onset latency, decreased wakefulness after sleep onset, more total sleep, and decreased parent-perceived sleep problems, as well as report of decreased daytime behavior problems. The frequency of having a bedtime routine is also important and demonstrates a dose-dependent relationship, with better sleep outcomes associated with the more nights a week that a routine is implemented. Furthermore, instituting a bedtime routine during infancy also demonstrates a dose-dependent relationship in sleep outcomes at a later age, with those having a bedtime routine as an infant and later in childhood demonstrating the best sleep and behavioral outcomes, although it is not associated with parental report of a current sleep problem. This is the first study that we know of that demonstrates that there is a dose-dependent relationship between bedtime routines and better sleep outcomes. As discussed earlier, previous studies have noted a relationship between bedtime routines and sleep outcomes. In one study of 5,006 infants and toddlers, a bedtime routine was found to negatively predict night wakings and positively predict longest continuous sleep period. 2 Another study found that for children ages 3 to 10 y, but not for the younger infants and toddlers, that those with a consistent bedtime routine were reported to obtain more sleep. 12 A final study noted that instituting a bedtime routine for infants and toddlers resulted in improved sleep, both at bedtime and throughout the night, compared to controls. 15 It is important to note that these relationships were found in our study across all age groups, including infants, toddlers, and preschoolers, and also were found in a large global sample representing diverse cultures. However, in a few instances sleep outcomes were slightly better for those who "never" have a sleep routine compared to those with a bedtime routine just one to two times per week, although both scenarios resulted in the poorest outcomes for all variables. It may be that such inconsistency in instituting a bedtime routine results in more disturbed sleep, although this finding was apparent for only a few variables.
Similarly, for older children, instituting a bedtime routine as an infant predicted better sleep outcomes in later ages, but our findings suggest that having a current routine is what is most important.
Interestingly, not only was having a bedtime routine associated with earlier bedtimes and shorter sleep onset latency as would be expected, but it was also associated with a decrease in night wakings. Thus, there is a question as to the mechanism for the association between bedtime routines and overall improved sleep. One possibility may be that bedtime routines in and of themselves are beneficial, decreasing bedtime stress (e.g., separation stress, fears) and arousal levels that affect both bedtime and throughout the night. Another possibility is that bedtime routines are a marker of overall parent behavior management, with those parents having a regular bedtime routine more likely to engage in other positive sleep practices, such as early bedtimes, encouragement of independent sleep, and engaging in parental limit-setting. Other studies have shown that daily routines are efficacious in decreasing overall behavior problems. 11 Lack of a consistent bedtime routine may also be a marker of chaotic households, which would also have an effect on bedtimes and sleep duration. There is support for this hypothesis, given that there was significantly higher variability for all sleep measures for those with less frequent bedtime routines. Finally, a child with an easy temperament, who is more likely to be able to self-regulate and self-soothe, may also be more compliant with a bedtime routine. In contrast, a child with attention-deficit/hyperactivity disorder or a disruptive behavior disorder could affect the ability for parents to successfully implement routines at bedtime.
It is important to emphasize that all these associations between bedtime routine and sleep measures were found while controlling for the child's age and maternal education. Higher maternal education has been linked to higher socioeconomic status and increased parenting skills and knowledge. 22, 23 Furthermore, higher education and socioeconomic status have been linked to higher adoption of bedtime routines and better sleep. 24, 25 The fact that, in our study, the links between bedtime routines and sleep outcomes remain valid after controlling for maternal education supports the interpretation that there are underlying basic, perhaps physiological, links between these domains. Although causal interpretation cannot be made from our correlational findings, intervention studies strongly support the causal link between bedtime routines and sleep outcomes. 15 There are a number of limitations to this study. First, this study was based on parental report without an objective measure of sleep, such as actigraphy. Future studies should include such additional measures. Second, there may have been perceptual differences in the interpretation of what constitutes a consistent bedtime routine that may have affected the results. Furthermore, asking about whether a bedtime routine was instituted during infancy relied on parental report of past behaviors, and there may be biases in recall. That is, parents of children with current sleep problems may report lack of routines in the past, although this may not be the case. However, if biased recall was an issue it is unlikely that such dose-dependent outcomes would have been observed. To further test this question, longitudinal studies should be conducted to eliminate the possibility of biased recall. An additional limitation was that the mothers were not asked about the specifics of their bedtime routine, so we are not able to comment on whether any bedtime routine would be associated with improved sleep or whether there are specific aspects of a routine that may result in better outcomes, such as inclusion of a bath (which may affect core body temperature). Further evaluation of specific components of bedtime routines would help elucidate whether there are specific aspects that are associated with more or less improvement in sleep. Finally, as with all Internet-based surveys, the cohort in this study is skewed toward higher education but was likely consistent across all countries and we believe that we obtained similar segments of the population within each country/ region. In addition, these results are likely not representative of all families within each country. We expect that this sample represents more urban-based populations, especially in the predominantly Asian countries, given the need for internet access to participate. Overall, this study found that a consistent nightly bedtime routine is associated with better sleep outcomes in infants, toddlers, and preschool-aged children. Furthermore, there appears to be a dose-dependent relationship, in that the more often a bedtime routine occurs the better the outcomes, and instituting it early on during infancy results in better outcomes at an older age. The recommendation of a consistent bedtime routine can be easily adopted by pediatric providers. There appears to be no negative cost to a bedtime routine, and such a recommendation is a simple message that parents can easily implement and one that requires minimal practitioner time.
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